Abstract
INTRODUCTION
The studies carried out in recent years in European countries, Canada and the United States indicate that on average 20% of residential premises exhibit some signs of dampness [1] . In Poland the dampness problem may refer to as many as 43% of flats [2] . Dampness of usable areas in closed rooms contributes to the growth and dissemination of fungi and their derivatives, especially fungal spores and (1→3)-β-D-glucans -components of the cellular wall of fungi released as a result of fungi degradation [3, 4] . Consequently, indoor air of the flats exhibiting signs of dampness and fungi growth may become contaminated with fungal spores [5] and fragments of fungi [6] . Because of their usually very small sizes, they may be deposited in the inhabitants' airways and reach even alveoli, causing infectious or allergic effects [3, 4, 7] . On the other hand, the effects of (1→3)-β-D-glucans in the indoor air on human body are still a matter of dispute [8] . However, (1→3)-β-D-glucans are commonly used in the studies as non-specific fungal marker. The use of this marker allows to determine (in contrast to the culture method) viable and not-viable fungal cells [9, 10] . Many epidemiological studies point to a correlation between inhabiting or long staying in premises showing signs of dampness and fungi growth and an increased risk of the occurrence of various ailments and diseases of the respiratory tract (e.g., allergy including initiation of asthma as well as exacerbation of existing asthma), both in adults and in children [11] [12] [13] [14] . In most studies focused on health effects of exposure to fungi in residential flats, the assessment of fungal contamination in the flats is based only on the information obtained from the inhabitants or from inspectors' observations during their short visits. Because of possible subjective bias of the data obtained from the inhabitants and random character of the observations conducted by inspectors, such assessment may often differ from the true state. On the other hand, assessment of contamination of flats with airborne fungi and their IJOMEH 2015;28(1) 132 at a flow rate of 10 l/min. The samples were collected in 2 repetitions. Before each sampling, the sampler was disinfected with 70% ethanol solution and fitted with a standard glass microscope slide on which, in the central part (2×2 cm), the optically clear adhesive vaseline (Laboratorium Galenowe Olsztyn Sp. z o.o., Poland) was mounted. The sampling took 30 min. After the sampling, the slides were removed from the sampler, transported to the laboratory in special boxes and analyzed. During indoor and outdoor bioaerosol sampling at the same point, the basic parameters, such as: temperature, relative humidity, CO 2 concentration and air flow velocity were measured. The measurements were carried out using the microclimate multifunction meter Testo 435-2 (Testo AG, Germany) at the height of 1-1.2 m over the floor level during 10 min. The values of individual parameters were noted every minute, then the result was averaged for a given measurement point.
Sample analysis
The filters for assessment of culturable fungi were put into sterile containers, covered with 10 ml of Phosphate Buffer Solution (BTL, Poland) and the biological material on the filters was eluted by shaking on a platform shaker (Johanna Otto GmbH, Germany) (shaking time: 60 min, shaking rate: 420 revolutions per minute). A series of 10-fold dilutions was made from the obtained eluates. Plates with Malt Extract Agar (soy peptone -3 g/l, agar -15 g/l, malt extract -30 g/l (BTL Sp. z o.o., Poland)) supplemented with streptomycin sulphate (130 mg/l, SigmaAldrich Chemie GmbH, Germany) and chloramphenicol (50 mg/l, PPH Galfarm Sp. z o.o., Poland) were inoculated with given volumes of eluates and their dilutions by a superficial method. In order to determine the total number of fungi, agar plates were incubated at 25±1°C for 7 days. The colonies which grew on the plates were counted, and taking into account the degree of the sample dilution and the volume of aspired air, the obtained fungi concentration the concentrations of culturable fungi, (1→3)-β-D-glucans and fungal spores in each of the investigated rooms were collected at the same time. The samples were collected in a stationary way at the height of approx. 1.0-1.2 m from the floor level during the heating period in normal conditions of heating, airing and using the rooms. At the same time, to evaluate the 'background' concentrations for the tested agents near the flats covered by the study, atmospheric air samples were collected in a similar way. Air samples for the analyses of culturable fungi and (1→3)-β-D-glucans were collected using separate measuring sets consisting of a GilAir 5 pump (Sensidyne, USA) and the open-faced aerosol sampler (Two-Met, Poland), with a 37-mm diameter glass-fiber filter (Whatman International Ltd, UK). The open-faced sampler was disinfected with 70% ethanol solution before each loading with a filter, then loaded with a filter inside of a Class II Biosafety cabinet (Esco Micro Pte Ltd, Singapore), and transferred in a dust-free bag to the sampling sites. The sets were operated at a flow rate of 2 l/min. The measuring sets were calibrated before each sampling procedure using a Gillibrator 2 calibrator (Sensidyne, USA). The sampling took approximately 24 h. All the samples were collected in 2 repetitions. After the sampling, the filters with collected biological material were transported to the laboratory in a tightly closed bags. The mass of airborne dust (in mg) collected on the filters for the analysis of (1→3)-β-D-glucans was evaluated by the gravimetric method. The filters were weighed before and after sampling with accuracy equal to 0.01 mg using CP 225D scales (Sartorius AG, Germany). Then the filters were stored at -20°C and determinations were performed after all the samples had been collected. The filters for assessment of culturable fungi were analyzed immediately after the measurement. Air samples for analysis of fungal (viable and dead) spores were collected using a Personal Volumetric Air Sampler for glass slides (Burkard Manufacturing Co Ltd, England)
Statistical analysis
The concentrations of airborne culturable fungi, (1→3)-β-D-glucans and fungal spores inside and outside the flats with fungi problems were characterized using geometric mean (GM), geometric standard deviation (GSD) and the range of the observed values (min.-max). The values of indoor and outdoor microclimate parameters were characterized by the use of arithmetic mean (AM), standard deviation (SD) and the range of the observed values. Spearman's rank correlation coefficients were determined to test the association of environmental variables and the biological contamination of air in the flats under the study. The analysis did not include the correlation of the investigated agents with the air flow velocity, because the value of this parameter in all the investigated flats was equal to 0 m/s. Linear regression was used to compare airborne culturable fungi, (1→3)-β-D-glucan and fungal spore concentrations with respect to subjectively assessed intensity of dampness and signs of fungi growth in flats, the way the flat is used (that could potentially affect the occurrence of fungi) and microclimate measurements. For this analysis, the measured values of each microclimate parameter (with the exception of air flow velocity) were categorized into 2 groups with the ranges of values favorable or unfavorable for the occurrence of fungal growth. The group with the range of unfavorable values for the occurrence of fungi growth in a flat was the reference category. In the case of subjective assessments of fungi growth, the reference category was the group of questionnaire answers pointing to the occurrence of the developed mycelium having the smallest reported size (< 0.25 m
2
) and color of mycelium other than black and/or brown. In relation to other signs of dampness and fungal growth, the answers indicating the lack of a given sign were the reference category. For the subjective assessments of the way the flat was used, the reference category was a group of questionnaire answers showing that the flat was used in a way which was expressed in terms of the number of colony forming units per 1 m 3 of the examined air (cfu/m 3 ). The detection limit was 3.5 cfu/m 3 . The analysis of (1→3)-β-D-glucan concentrations in the air samples collected on the filters was carried out using Glucatell test in kinetic version (Associates of Cape Cod Inc., USA) according to the procedure described by Cyprowski et al. [15] . For all the samples, the analysis was carried out separately for water-soluble (WS) and alkali-soluble (AS) fractions of (1→3)-β-D-glucans. Final concentration of (1→3)-β-D-glucans was the sum of the 2 determined fractions. Taking into account volumes of the air collected on the filters, the concentration values were expressed in ng/m 3 . The detection limit was 0.008 ng/m 3 .
The slides for assessment of fungal spores were stained with basic fuchsin and analyzed microscopically. The fungal spores were counted under the 1000 × total magnification of a light microscope (BX41, Olympus Corporation, Japan) using immersion oil. Before the start of analysis, the size of a single field of view obtained at this magnification (0.038 mm 2 ) and the size of trace on the adhesive substance (14 mm 2 ) (which was created during air sampling), were determined using an objective micrometer scale with an accuracy of 0.01 mm. At least 100 randomly selected microscopic fields per sample trace on slide were examined. Fungal spores were distinguished from other airborne particles based on their morphological characteristics with the aid of the illustrated identification key available in the literature [16] .
The total spores present in the sample trace on each slide were estimated from total spores counted in all the analyzed microscopic fields and the fraction of total trace area represented by the analyzed fields. The fungal spore concentrations in the air samples were estimated taking into account the total spores per sample trace and the volume of collected air. Results were expressed as spores/m 3 The correlation analysis (Table 2) indicated that there was a significant strong positive correlation between the concentration of culturable fungi in the indoor air of the investigated flats and the concentration of fungal spores, the value of relative humidity and the level of CO 2 (p < 0.05).
In the case of fungal spore concentration, a significantly strong positive correlation was observed between the value of relative humidity and the level of CO 2 in the flats (p < 0.05). The value of relative humidity inside the investigated flats was significantly strongly positively correlated with the concentration of CO 2 in the indoor air (p < 0.05). Table 3 presents the results of the analysis of the indoor concentrations of airborne fungi and their derivatives, depending on the intensity -as declared by inhabitantsof the occurrence of various signs of dampness, fungal growth, declared temperature in the flat and intensity of airing of the flat during the heating season, and the measured values of the indoor microclimate parameters. In does not predispose to the occurrence of fungal growth. The dependent variables were log transformed, with the exception of microclimate parameter values. P-value of 0.05 was used as the level of significance.
Predictive models for concentrations of the tested biological agents with regard to various ways to assess the degree of fungal contamination of the air in a flat (on the basis of a questionnaire or a questionnaire and microclimate measurements) were built. Partial least squares (PLS) regression was used to build the predictive models. Number of components in the PLS model was selected using crossvalidation (CV). We used root mean square error (RMSE) and percent of explained variance (% VE) as measures of predictive performance. R Statistical Package (Version 3.0.1) was used to conduct all the calculations [17] .
RESULTS
Analysis of the questionnaire data indicates that of the 22 tested flats in which the mycelium, developed to a different degree, was observed on stable surfaces, in 15 flats the inhabitants, additionally reported the presence of some signs of dampness on the walls or ceiling, and in 6 -dampness was accompanied by the peeling off paint. In 19 of the 22 flats the water vapor precipitated on windows or other surfaces during the heating period, but only in half of the flats the presence of perceptible moisture in flats was reported. In 18 flats a developed mycelium was observed on the surface of at least 0.25 m 2 , and in the other 4 -on a smaller area. In over half of the flats (59%) mycelium was black and/or brown, whereas in the other cases there were other colors of the mycelium. The presence of perceptible mustiness was reported only in 8 of the 22 flats. Inhabitants of 9 of the 22 investigated flats admitted that during the heating season a lower temperature prevailed in the premises -no more than 20°C, while in the other flats the temperature above that value was maintained. Besides, in 9 cases, the rooms were aired IJOMEH 2015;28(1) 135 The multivariate analysis showed a moderate usefulness of the investigated variables in evaluation of the actual levels of culturable fungi and (1→3)-β-D-glucans, allowing to explain no more than 61% and 67% of the variability of actual concentrations, respectively. This analysis showed lower usefulness of the investigated variables in evaluation of the actual levels of fungal spores (VE < 29%). In the case of assessment of the actual concentrations of culturable fungi, the questionnaire evaluation supported by measurements of selected parameters of indoor microclimate (VE = 61.2%) was shown to be more useful as compared to the evaluation based exclusively on the questionnaire data (VE = 46.9%) ( Table 4 ). Figure 1 presents the ranks of subjectively ascertained signs of dampness and fungal growth, declared microclimate the case of culturable fungi, such analysis indicates the occurrence of significantly higher concentrations in the flats, where signs of developed mycelium were found on the surface larger than 1 m 2 (p < 0.05). In the case of (1→3)-β-Dglucans, significantly elevated concentrations were found to be associated with the declared damp surface which does not exceed 1 m 2 , signs of fungi growth on the surface larger than 1 m 2 and with only black and/or brown mycelium (p < 0.05). Analysis of the concentrations of fungi and their derivatives in the indoor air, depending on measured values of temperature, relative humidity and concentration of CO 2 inside the flat indicated significantly elevated concentrations, both in the case of culturable fungi and fungal spores at relative humidity higher than 60% (p < 0.05). was a basis to assess the usefulness of the questionnaire interview used in this study for a qualitative analysis in epidemiological studies.
In the case of culturable fungi (Figure 2a) , the upper limits of predictive intervals for these values considerably exceeded the reference value recommended in Poland. This wound point to the demand for verification of questionnaire information in these cases, by the measurement of fungi concentrations aimed at an appropriate assessment of the indoor air contamination with this agent. In the case of (1→3)-β-D-glucans (Figure 2b ), no reference or limit value for the concentration of this agent in the indoor air is accessible in the relevant literature. For this reason, evaluation of the usefulness of the questionnaire applied in this study for the qualitative analysis of air contamination with this agent is difficult. As regards fungal spores, when predicted values of spore concentrations ranging below 1×10 4 spores/m 3 are obtained, the upper limit of predictive intervals for these values did not exceed the value equal to 10 5 spores/m 3 ( Figure 2c ). This value is defined as the lowest observed effect level (LOEL) in relation to non-allergic people [19] . In such case, these results suggest a possibility to base assessment of the investigated flats indoor air contamination with spores only on the questionnaire data. When spore concentrations predicted values above 1×10 4 spores/m 3 were obtained, the upper limits of predictive intervals for these values considerably exceeded the LOEL. In such conditions maintained in the flat, and objective measurements of selected microclimate parameters in evaluation of the actual concentrations of fungi and their derivatives in the indoor air. The figure also presents the relative importance of these variables, assuming the value of the most important variable as 100%. In the case of culturable fungi (Figure 1a) , the group of the most important traits for appropriate evaluation of the indoor air contamination with this agent includes: subjectively reported presence of dampness on the surface up to 1 m 2 , traces of developed mycelium on the surface larger than 1 m 2 , only black and/ or brown mycelium and perceptible musty odor. In the case of (1→3)-β-D-glucans ( Figure 1b ) the group of the most important traits includes the same subjective signs, except for the musty odor. As regards fungal spores (Figure 1c) , an important role in evaluation of the actual degree of the indoor air contamination with this agent was that of: declared, by the inhabitants, maintenance of temperature above 20°C in the flat during the heating season, the signs of dampness and peeling off paint on the walls and/or ceiling, dampness of the surface up to 1 m 2 , signs of mycelium on the surface larger than 1 m 2 , and measurement of relative humidity irrespective of the obtained values. Additionally, to evaluate the reliability of the questionnaire interview used in this study (as the cheapest and simplest method) for assessment of the indoor air quality, the predictive values of the levels of the tested agents in the air of the analyzed flats were calculated. The calculations were based on the predictive model, taking into account only the subjective evaluation of fungal growth in the flats (without measurement of the microclimate). Relative importance of these variables are presented, assuming the value of the most important variable as 100%. conditions in the flat and their assessment by the respondents. In turn, an elevated average concentration of CO 2 indoors and lack of air flow noted in the investigated flats may suggest a limited ventilation of the flats and confirm the questionnaire data related to their rare airing. Despite the declared -in the questionnaire -occurrence of the signs of indoor fungi growth, only in few cases (2 flats) the indoor airborne concentration of fungi exceeded the reference value of 5×10 3 cfu/m 3 recommended by Polish experts for domestic environment [18] . The concentrations of fungi were comparable to the results obtained by various measuring methods for winter season in a similar Polish research carried out by Pastuszka et al. [20] , but lower than those obtained by Gutarowska et al. [21] (that author did not specify the season in which the study was carried out). Besides, those levels were lower than the results obtained in winter in Austrian houses with visible traces of fungal growth [22] , but slightly higher than those cases this would point to the need to verify the questionnaire information through the measurement of fungal spore concentrations for an appropriate assessment of the indoor air contamination with them.
DISCUSSION
The subjective evaluation, by the users, of fungal contamination of flats with developed mycelium on stable surfaces in these houses also showed many other signs of fungi growth and presence of dampness and often also creation, by the inhabitants during the heating season, of microclimatic conditions which support the growth of fungi (insufficiently heated flats and too low a frequency of airing the premises). However, the measurement of microclimate parameters in the investigated flats showed a moderate average temperature and relative humidity, which may result from a brief measurement of these parameters or may reflect a discrepancy between actual microclimate * The measured value of concentration of a given agent in the indoor air of tested flat.
• The predicted value of concentration of a given agent in the indoor air of tested flat, calculated on the basis of the predictive model, taking into account the questionnaire responses (without the microclimate measurement). Vertical lines in the figure represent 95% predictive intervals for individual predicted values of the concentration of given agent; horizontal line in the figure represents in the case of culturable fungi a) -the level of the recommended in Poland reference value of this agent concentration in the indoor air of flats [18] and in the case of fungal spores c) -airborne concentration defined as the lowest observed effect level (LOEL) in relation to non-allergic people [19] . occurrence of fungal contamination signs in their flats. In one of the investigated flats, the airborne concentration of that agent exceeded the value of 10 5 spores/m 3 , determined as the lowest observed effect level (LOEL) in relation to non-allergic people [19] . An additional premise of the existence of an internal source of fungi in the investigated flats is the fact of reaching higher maximum concentrations of fungi and their derivatives in the indoor air, as compared to those in the outdoor air, during the analyzed heating season, when the inflow of these agents from the outside is usually limited due to a lower frequency of airing the premises. The statistical analysis indicated a significant positive correlation of culturable fungi concentrations in the indoor air with spores, similarly as in the research conducted in houses with fungal contamination by Rao et al. [28] and in "pure" houses -by Lee et al. [25] , but there is no significant correlation of the levels of each of the mentioned agents with the amount of (1→3)-β-D-glucans, contrary to the results obtained by these researchers [26, 28] and by Reponen et al. [29] . A strong correlation between the concentration of culturable fungi and airborne fungal spores seems to be natural, because it results from the fact that the number of fungal spores presented in the studies and determined by the microscope counting method constitutes the total of viable and non-viable spores. The lack of correlation between the levels of fungi and spores and the levels of glucans contained in fungal cellular wall may be associated with the differentiated content of these compounds in various species of fungi [30] or with the existence of other sources of glucans in flats, e.g., pollen, plants and certain bacteria [27] , which may disturb this correlation. The concentration of culturable fungi and fungal spores correlated significantly positively also with the values of relative humidity and levels of CO 2 in flats, which may confirm that dampness and poor ventilation of premises enhance the growth of fungi and their density in the indoor air.
noted in Finnish houses [23] . At the same time, the obtained airborne fungi concentration in the investigated flats was even by one order of magnitude higher than that found in the winter in houses without any traces of flooding or growth of fungi [23] [24] [25] , but only slightly higher than in similar studies carried out by Haas et al. [22] . These results may point to rather moderate contamination of the investigated flats' indoor air with fungi, although indirectly they may confirm the signs of fungi growth in the premises, as declared in the questionnaire. Evaluation of the concentrations -found in our studyof fungal derivatives, i.e., (1→3)-β-D-glucans and fungal spores in the indoor air, is difficult because of a lack of reference values of these agents in Polish conditions. Similarly, comparing them with the results obtained by other researchers in the studies carried out in flats with fungal growth and those free from fungal signs is difficult because different analytical methods were used, and the results are presented for total number of flats or seasons. According to the accessible literature data, the levels of (1→3)-β-Dglucans noted in our study were in the lower part of a wide range of concentrations of this agent (0.2-106 ng/m 3 )
found in houses with different extent of fungal contamination [9, 10] . They were simultaneously corresponding with the level of glucans detected by Lee et al. [26] in American houses without a clear growth and odor of fungi, which may probably result from different climates. However, this comparison may suggest a rather low degree of fungal contamination of air in the investigated flats, especially because (1→3)-β-D-glucans are contained not only in fungi but also in pollen, plants and some bacteria [27] , which may constitute a source of this agent in the indoor air. The airborne concentration of fungal spores (viable and non-viable) noted in the investigated flats was much lower than in the houses contaminated with fungi after flooding [28] , but by one order of magnitude higher than in the houses free from fungi [25, 26] . This fact may confirm the inhabitants' questionnaire declarations related to the premises, showed significantly elevated concentrations of culturable fungi and fungal spores only at the air relative humidity above 60%. This complies with earlier findings according to which, exceeding of such value in flats may support the growth of fungi on different surfaces [35] , and consequently contaminate the air with spores. The multivariate analysis indicated moderate usefulness of subjective evaluation of the analyzed signs of dampness and fungal growth in flats and characteristics of microclimate for evaluation of the actual concentrations of culturable fungi and (1→3)-β-D-glucans in the indoor air and limited usefulness for evaluation of fungal spore concentrations. In the case of evaluation of the actual concentrations of culturable fungi, higher usefulness of questionnaire evaluation was demonstrated, supported by measurements of selected parameters of the indoor microclimate, as compared to the evaluation based exclusively on the questionnaire data. A limited correlation between the reported visual and sensory signs of dampness and fungi growth, and found out airborne levels of fungi and their derivatives, may result from the "randomness" of inspectors' observation, which may affect the quality of their evaluation. This premise may point to the possibility that the data collected in the questionnaire are encumbered with certain error. Another explanation of the lack of the correlation between subjective evaluations and objective measurements may be the lack of the air flow in the investigated flats. This fact may inhibit suspending of fragments of fungi and fungal spores in the air, even with their high levels released from the infected surfaces.
The study also showed a discrepancy between fungi and glucans, and fungal spores, in arrangement of the importance of subjectively found signs of dampness and fungal growth, declared microclimatic conditions maintained in the flat and objective measurements of selected microclimatic parameters for assessment of the actual concentrations of the investigated contaminants. Presumably this may point to different factors affecting the airborne levels of fungal spores,
The comparison of airborne concentrations of fungi and their derivatives, depending on the declared intensity of the occurrence of various signs of dampness and fungi growth and on the way the flat is used showed significant differences in the case of several reported signs of flat contamination. Significantly higher levels of fungi occurred, similarly as in the studies conducted by Haas et al. [22] , when the declared surface covered by the growth of fungi was > 1 m 2 (as compared to small or point traces covering < 0.25 m 2 ). The same correlation was observed for fungal derivatives -(1→3)-β-D-glucans. This may imply that contamination of smaller areas only insignificantly contributes to air contamination. Such correlations were not observed for spores. Probably this results from short sampling which because of a high variability of airborne spores distribution within 24 h [23] may not wholly present its actual contamination [31, 32] .
The study also showed a significantly elevated concentration of (1→3)-β-D-glucans with reported dampness of the ≤ 1 m 2 surface, as compared to its lack, which is hard to explain especially because no such correlation was found with the > 1 m 2 dampness surface. This correlation is not confirmed by other studies in houses, which may suggest that it should be treated with a certain caution. On the other hand, the observed black and/or brown color of mycelium, as opposed to other colors of traces of the fungi growth, was significantly associated with the elevated airborne concentrations of (1→3)-β-D-glucans. This may probably be explained by the fact that the dark color of the colonies of some fungi which are found in the houses contaminated with fungi (e.g., Cladosporium, Alternaria, Stachybotrys) [3, 21, 33, 34] may often indicate the maturity of fungal culture and intense sporulation, which presumably supports the air contamination with fungi and their derivatives. as compared to fungi and glucans. Of the analyzed traits, the declared presence of mycelium on the > 1 m 2 surface was characterized by high importance for correct assessment of the concentrations of all the tested agents. This would suggest that it is necessary to include the question related to this trait in the structure of questionnaires assessing the indoor air contamination with fungi and their derivatives.
Despite the limited precision of the quantitative assessment of actual contamination of the indoor air with the investigated agents carried out with the use of a set of questions, such evaluation could be useful in epidemiological studies for qualitative evaluation of the indoor air. As revealed in the predictive models analysis, the subjective evaluation of fungal contamination signs in flats, based on the applied questionnaire, could allow for prediction of possible occurrence of concentrations of a given agent in the indoor air which exceed the reference or limit value. This analysis also demonstrates that the questionnaire used in this study in some cases could confine the need to conduct additional measurements of biological agents and their derivatives without any adverse effects on reliability of evaluation of the quality of air in the flats. Because of the small sample size (N = 22) the presented ana lysis has significant limitations and the results are not very conclusive. Therefore, further studies with a larger number of flats are needed.
CONCLUSIONS
The actual mycological contamination of the indoor air was significantly correlated with the size of the surfaceas declared by the respondents -covered by the growth of fungi, surface with traces of dampness, observed color of the developing mycelium and the actual, supported by measurements, relative humidity level within the premises. Subjective evaluation of specific signs of fungal contamination of flats, separately or combined with measurement of microclimate parameters, appeared to be moderately useful for quantitative evaluation of the actual degree of
